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(54) METHOD AND DEVICE FOR OIL DETERIORATION DIAGNOSIS 



(57) An oil deterioration diagnosing method and an 
apparatus for carrying out the same uses an optical 
sensor capable of determining a degree of deterioration 
of oil on the basis of transmission losses of near-infra- 
red rays of two different wavelengths and the transmis- 



sion loss difference between the transmission losses. 
The degree of deterioration of the oil can be determined 
without being affected by variable measuring tempera- 
ture and the original color of the oil. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a method of 
diagnosing the deterioration of oil for lubricating auto- 
motive engines, compressors, gears and the like, and a 
diagnostic apparatus for carrying out the same. 

BACKGROUND ART 

[0002] A known method of diagnosing the deterio- 
ration of oil proposed in Japanese Patent Laid-open No. 
3-111741 employs an optical sensor which determines 
the amount of carbon particles contained in the oil from 
the intensity of an evanescent wave varying according 
to the concentration of particles in the oil. Another 
known method of diagnosing the deterioration of oil pro- 
posed in Japanese Patent Laid-open No. 8-62207 
employs a technique which uses two kinds of radiation 
of different wavelengths, i.e., visible radiation and near- 
infrared radiation, and determines the deterioration of 
the oil from the absorb an ce of the oil. 
[0003] However, the output of the optical sensor 
varies in a wide range according to the variation of the 
temperature of the engine oil varying in a wide range 
according to the operating condition of the engine. The 
diagnostic performance of the method using visible radi- 
ation and near-infrared radiation is subject to the origi- 
nal color of the oil dependent on additives contained in 
the oil, and the method is incapable of accurate diagno- 
sis. It is an object of the present invention to solve the 
foregoing problems and to provide an optical method of 
diagnosing the deterioration of oil and a diagnostic 
apparatus for carrying out the same, not subject to the 
influence of temperature variation and the original color 
of the oil. 

DISCLOSURE OF INVENTION 

[0004] The inventors of the present invention exam- 
ined the relation between the degree of deterioration of 
oil, such as an automotive engine oil, and the light trans- 
mission loss spectral characteristic per unit length of 
near-infrared radiation, and found that there is a correla- 
tion between the slope of a light transmission loss spec- 
trum of short-wavelength near-infrared radiation and the 
level of the base line of the light transmission loss spec- 
trum of long- wavelength near-infrared radiation, and the 
amount of sludge (amount of insoluble components), 
dynamic viscosity and total acid number. The present 
invention has been made on the basis of such a finding. 
The gist of the present Invention is as follows. 
[0005] (1 ) A method of diagnosing the deterioration 
of oil and a diagnostic apparatus for carrying out the 
same guides at least two kinds of light rays of different 
wavelengths emitted by two different monochromatic 
light sources into oil by an illuminating light guiding 



member, guides the light rays guided by the illuminating 
light guiding member so as to travel a transmission dis- 
tance a through the oil, guides the transmitted light rays 
traveled through the oil by a received light guiding mem- 

5 ber. disposed opposite to the illuminating light guiding 
member, to a light receiving unit, calculates light trans- 
mission losses per unit length (a • dB/mm ) of the two 
kinds of light rays and the light transmission loss differ- 
ence (Act • dB/mm) between the light transmission 

to losses per unit length of the two kinds of light rays by an 
arithmetic and control unit, and determines the degree 
of deterioration of the oil through the comparison of the 
light transmission losses and the light transmission loss 
difference with previously stored data (master curves) 

15 representing the relation between the degree of deterio- 
ration of the oil and light transmission losses and the 
relation between the degree of deterioration of the oil 
and the light transmission loss difference by the arith- 
metic and control unit. 

20 [0006] Laser diodes (LDs) or light-emitting diodes 
(LEDs) which emit light rays respectively having peak 
wavelengths in the range of 800 nm to 1500 nm are 
readily available, have long life and stable ability, and 
are suitable monochromatic light sources. LDs and 

25 LEDs that emit light rays of 800, 820, 830, 850, 940, 
950, 1300, 1310 and 1550 nm in wavelength are partic- 
ularly preferable. Overrange occurs sometimes in a 
photodetector included in a light receiving unit while the 
degree of deterioration is relatively low when a light 

30 source that emits light rays of a wavelength outside the 
foregoing wavelength range is used, which makes the 
measurement of the light rays impossible. 
[0007] If the illuminating light guiding member is 
incorporated into an oil level gage for measuring the oil 

35 level of the automotive engine oil, any particular modifi- 
cation of the existing engine system is not necessary. 
Diagnostic result may be indicated as an alarm, i.e., one 
of self-checking functions, on the meter panel of the 
automobile or may be indicated on an indication unit 

40 attached to the grip of the oil level gage to enable the 
driver to recognize the condition of the engine oil when 
the driver executes a daily inspection routine. 
[0008] Generally, the degree of deterioration of the 
engine oil of an automobile and light transmission loss 

45 spectrum indicating light transmission losses per unit 
length are indicated by curves shown in Fig. 3. 
[0009] Since these light transmission loss spectrum 
are not affected by measuring temperature, the light 
transmission loss may be measured in carrying out a 

so start-up inspection routine before using the automobile 
or may be measured while the automobile is in opera- 
tion. As shown in Fig. 3, the light transmission losses of 
visible light rays in the visible region increase sharply 
and the darkness of the engine oil increases with the 

55 progress of deterioration. Therefore, overrange occurs 
while the degree of deterioration is relatively low. Thus, 
it was concluded that the visible light rays are unsuitable 
for the diagnosis of the deterioration of the oil. The 
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increase in the spectrum from the side of short wave- 
length is caused principally by the increase of electronic 
transition absorption loss due to deterioration caused by 
thermal oxidation. The light transmission loss difference 
between two wavelengths indicates the inclination of a 
line A-A* in an initial stage of deterioration, the inclina- 
tion of a line B-B when the oil is deteriorated in a middle 
degree of deterioration and the inclination of a line C-C 
when the oil is deteriorated in a high degree of deterio- 
ration. Thus, the inclination increases with the progress 
of deterioration. As regards the light transmission loss 
of a base value, since the values of peaks near the 
points A', B' and C\ i.e., harmonics absorption peaks of 
C-H bonds, do not change greatly, it is considered that 
light scattering loss due to the influence of sludge and 
the like (loss due to what is called Mie scattering) 
increases and the amount of insoluble matters can be 
measured. Fig. 4 shows light transmission loss spec- 
trum of used engine oils used in different modes of use 
and four kinds of new engine oils 14. The four kinds of 
new oils contain different additives and hence have dif- 
ferent colors, respectively. However, the values of the 
light transmission loss spectrum for wavelengths above 
700 nm coincide perfectly, which signifies that the diag- 
nosis of the condition of the oil can be achieved without 
being affected by the type of the oil if near-infrared radi- 
ation is used. Fig. 9 shows the relation between light 
transmission loss caused by engine oils used on practi- 
cal automobiles differing from each other in distance 
traveled, type and mode of use with light rays of 1310 
nm in wavelength, and dynamic viscosity at 40 °C by 
way of example. Fig. 10 shows the relation between the 
light transmission loss difference between light rays of 
950 nm and 1310 nm in wavelength, and total acid 
number. Fig. 1 1 shows the relation between light trans- 
mission loss with light rays of 131 0 nm and the concen- 
tration of pentane-insoluble matters. It is known from 
Figs. 9, 10 and 1 1 that each parameter correlates with 
the light transmission loss and the light transmission 
loss difference to a high degree. 
[0010] Since there is a correlation between light 
transmission loss and light transmission loss difference 
varying with the progress of deterioration, and the 
parameters serving as measures of degree of deteriora- 
tion of the oils, the deterioration of the physical proper- 
ties of the oil can be diagnosed only by measuring light 
transmission loss and light transmission loss difference. 
As mentioned in Japanese Patent Laid-open No. 3- 
226651, it is usual to represent the degree of deteriora- 
tion by reduced time 0 . It is considered that materials of 
different kinds of deterioration history having the same 
reduced time G have the same degree of deterioration. 
Reduced time 6 is defined by: 

6 = tx exp(-AE/RT) (1) 

where AE (J/mol) is apparent activation energy of dete- 
rioration, R (J/K/mol) is gas constant, T (K) is absolute 



temperature of deterioration, and t (h) is time of deterio- 
ration. The value of AE of the deterioration of the oil can 
easily be calculated by using the Arrhenius equation. 
Suppose that life equivalent reduced time is 0 0 at a pre- 

5 determined life end point of the oil. Then, the difference 
A9 between the life equivalent reduced time 6 0 and an 
reduced time 9 determined on the basis of measure- 
ments is an equivalent time corresponding to remaining 
life, which can be used as a measure of deterioration. 

w The remaining life AG (h) is expressed by: 

AG = 6 0 - 6 (2) 

[0011] If average operating temperature of the oil 
is after the time t is determined by using Expression (2), 
time At (to - 1) corresponding to remaining life can be 
determined. 

BRIEF DESCRIPTION OF DRAWINGS 

20 

[0012] 

Fig. 1 is a typical view of an engine oil deterioration 
diagnosing apparatus for diagnosing the deteriora- 

25 tion of an engine oil used in an automobile; 

Fig. 2 is a side elevation of an optical sensing 
device incorporated into an oil gage; 
Rg. 3 is a graph of assistance in explaining the var- 
iation of a light transmission loss spectrum with the 

30 deterioration of the engine oil; 

Rg. 4 is a graph showing light transmission loss 
spectrum obtained by using engine oils used in 
engines operated in different modes of operation 
and new engine oils; 

35 Rg. 5 is a graph of an example of a diagnostic mas- 
ter curve using light transmission loss difference as 
a parameter; 

Rg. 6 is a graph of an example of a diagnostic mas- 
ter curve using light transmission loss as a parame- 
40 ter; 

Rg. 7 is a flow chart of an oil deterioration diagnos- 
ing routine; 

Rg. 8 is a side elevation of an optical sensing 
device incorporated into an oil gage; 

45 Rg. 9 is a graph showing the relation between light 
transmission losses caused by engine oils used in 
engines operated in different modes of operation, 
and the dynamic viscosities of the engine oils; 
Rg. 10 is a graph showing the relation between 

so light transmission losses caused by engine oils 
used in engines operated in different modes of 
operation, and the total acid numbers of the engine 
oils; 

Rg. 11 is a graph showing the relation between 
55 light transmission losses caused by engine oils 
used in engines operated in different modes of 
operation, and the concentrations of pentane-insol- 
uble matters; and 
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Fig. 12 is a side elevation of a sensor provided with 
an indication unit attached to the grip of an oil level 
gage. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[001 3] Preferred embodiments of the present inven- 
tion will be described hereinafter with reference to the 
accompanying drawings. It is to be noted the present 
invention is not limited in its practical application to the 
preferred embodiments specifically described herein. 

First Embodiment 

[0014] Fig. 1 is a typical view of an engine oil dete- 
rioration diagnosing apparatus for diagnosing the dete- 
rioration of an engine oil used in an automobile, and Fig. 
7 is a flow chart of an oil deterioration diagnosing rou- 
tine. Referring to Fig. 1 , an arithmetic and control unit 7 
comprises microprocessor comprising a measured data 
memory, and a read-only memory. The arithmetic and 
control unit 7 changes the wavelength of light rays emit- 
ted by a light source unit, measures the intensity of 
received light, and carries out arithmetic operations. 
The embodiment will be described on an assumption 
that light rays of two different wavelengths are used. 
The light source unit has a light-emitting diode (LED) 
which emits light rays of a wavelength X 1 of 950 nm and 
a laser diode (LD) which emits light rays of a wavelength 
X 2 of 1310 nm. Reference light intensity (l 0 , a) of each 
of the light rays of different wavelengths is measured. 
Incident light rays 11 of the wavelength X 1 travel 
through an optical fiber cable 4 to an oil level gage 3. 
Fig. 2 shows the internal construction of the oil level 
gage 3. The incident light rays 1 1 are transmitted by a 
light guiding member 1 5 arranged in the oil level gage 3, 
are deflected by mirrors 10, travel across a slit 13 of an 
optical path length of 1 .0 mm. The optical path length of 
the slit 1 3 may be a length in the range of 0.5 to 2.0 mm. 
The incident light rays 1 1 travel through an oil 1 filling 
the slit, and transmitted light rays 1 1 transmitted through 
the slit 13 travel through a light guiding member 15 in 
transmitted light rays 12 to a light receiving unit 6. The 
intensity of the transmitted light rays of the wavelength X 
1 is measured by the light receiving unit 6, and the arith- 
metic and control unit 7 calculates a light transmission 
loss and stores the calculated light transmission loss. 
Similarly, incident light rays 11 of the wavelength X 2 
travel through the slit 13 and travel in transmitted light 
rays to the light receiving unit 6. The intensity of the 
transmitted light rays 1 1 of the wavelength X 2 is meas- 
ured and the arithmetic and control unit 7 calculates a 
light transmission loss of the light rays of the wavelength 
X 2 and stores the calculated light transmission loss of 
the light rays of the wavelength X 2. The arithmetic and 
control unit 7 calculates an equivalent time correspond- 
ing to the degree of deterioration of the oil by using pre- 
viously stored master curves as shown in Figs. 5 and 6 



representing the relation between degree of deteriora- 
tion of oil and the light transmission loss and the relation 
between degree of deterioration of oil and light trans- 
mission loss difference, and indicates the result of cal- 
5 culation by an alarm lamp installed in the automobile. 
This inspection is executed by a self-checking system 
after the start of the engine. 

Second Embodiment 

w 

[0015] A second embodiment, similarly to the first 
embodiment, uses an oil level gage 3 having an internal 
construction as shown in Fig. 8. The second embodi- 
ment is provided with a light-emitting diode (LED) as a 

is light source which emits light rays of a wavelength X 1 of 
940 nm, and a laser diode (LD) as a light source which 
emits light rays of a wavelength A. 2 of 1 550 nm. The ref- 
erence light intensity (l 0 , \) of the light rays 1 1 of each 
wavelength is measured. The light rays 1 1 of the wave- 

20 length X 1 travel through an optical fiber cable 4 to an oil 
level gage 3. The oil level gage 3 has an internal con- 
struction as shown in Fig. 2. The incident light rays 1 1 
travel through a light guiding member 15, are deflected 
by a mirror 10, travel through the oil 1 filling a slit 13 of 

25 0.5 mm in optical path length, and travel in transmitted 
light rays 12 through the light guiding member 15 to a 
light receiving unit 6. The light receiving unit 6 measures 
the intensity of the transmitted light rays of the wave- 
length X 1 , and an arithmetic and control unit 7 calcu- 

30 lates a light transmission loss and stores the calculated 
light transmission loss of the light rays of the wavelength 
X 1. Similarly, the intensity of the transmitted light rays 
1 1 of the wavelength X 2 is measured and the arithmetic 
and control unit 7 calculates a light transmission loss of 

35 the light rays of the wavelength X 2 and stores the calcu- 
lated light transmission loss. The arithmetic and control 
unit 7 calculates an equivalent time corresponding to 
the degree of deterioration of the oil by using previously 
stored master curves as shown In Figs. 5 and 6 repre- 

40 senting the relation between degree of deterioration of 
oil and light transmission loss and the relation between 
degree of deterioration of oil and light transmission loss 
difference, and indicates the result of calculation by an 
alarm lamp installed in the automobile. This inspection 

45 is executed by a self -checking system after the start of 
the engine. 

Third Embodiment 

so [0016] A third embodiment, similarly to the first 
embodiment, employs an oil level gage 3 of an internal 
construction as shown in Fig. 8. The third embodiment 
is provided with a light-emitting diode (LED) as a light 
source which emits light rays of a wavelength X 1 of 850 

55 nm, and a laser diode (LD) as a light source which emits 
light rays of a wavelength X 2 of 1550 nm. The reference 
light intensity (l 0 , ^) of the light rays of each wavelength 
is measured. The light rays 1 1 of the wavelength X 1 
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travel through an optical fiber cable 4 to the oil level 
gage 3. The oil level gage 3 has an internal construction 
as shown in Fig. 2. The incident light rays 1 1 travel 
through a light guiding member 1 5, are deflected by mir- 
rors 10, travel through an oil 1 filling a slit 13 of 1 .5 mm 
in optical path length, and travel in transmitted light rays 
12 through the light guiding member 15 to a light receiv- 
ing unit 6. The light receiving unit 6 measures the inten- 
sity of the transmitted light rays of the wavelength X 1 , 
and an arithmetic and control unit 7 calculates a light 
transmission loss and stores the calculated light trans- 
mission loss of the light rays of the wavelength X 1 . Sim- 
ilarly, the intensity of the transmitted light rays 1 1 of the 
wavelength X 2 is measured and the arithmetic and con- 
trol unit 7 calculates a light transmission loss of the light 
rays of the wavelength X 2 and stores the calculated 
light transmission loss. The arithmetic and control unit 7 
calculates an equivalent time corresponding to the 
degree of deterioration of the oil by using previously 
stored master curves as shown in Figs. 5 and 6 repre- 
senting the relation between degree of deterioration of 
oil and light transmission loss and the relation between 
degree of deterioration of oil and light transmission loss 
difference, and indicates the result of calculation by an 
alarm lamp installed in the automobile. This inspection 
is executed by a self -checking system after the start of 
the engine. 

Fourth Embodiment 

[0017] An engine oil deterioration diagnosing appa- 
ratus in a fourth embodiment according to the present 
invention is similar to that in the first embodiment. The 
engine oil deterioration diagnosing apparatus indicates 
the result of diagnosis on an indication unit attached to 
the grip of an oil level gage as shown in Fig. 12. This 
inspection is executed as a part of daily inspection rou- 
tine to be carried out before using the automobile. 

INDUSTRIAL APPLICABILITY 

[0018] According to the present invention, the 
degree of deterioration of oil used for lubricating the 
engine of an automobile, compressor or gears can be 
diagnosed without being affected by measuring temper- 
ature and the original color of the oil. The engine oil 
deterioration diagnosing apparatus can be formed in 
either an on-vehicle type or a portable type. 

Claims 

1. An oil deterioration diagnosing method comprising 
the steps of: 

guiding at least two kinds of light rays of differ- 
ent wavelengths emitted by two different mono- 
chromatic light sources into oil by an 
illuminating light guiding member; 



guiding the light rays guided by the illuminating 
light guiding member so as to travel a transmis- 
sion distance a through the oil; 
guiding the transmitted light rays traveled 

5 through the oil by a receiving light guiding 

member disposed opposite to the illuminating 
light guiding member to a light receiving unit; 
calculating light transmission losses per unit 
length (a • dB/mm ) of the two kinds of light 

w rays and the light transmission loss difference 

(Ace • dB/mm ) between the light transmission 
losses per unit length of the two kinds of light 
rays by an arithmetic and control unit; and 
determining the degree of deterioration of the 

is oil through the comparison of the light trans- 

mission losses and the light transmission loss 
difference with previously stored data (master 
curves) representing the relation between the 
degree of deterioration of the oil and light trans- 

20 mission losses and light transmission loss dif- 

ference by the arithmetic and control unit. 

2. The oil deterioration diagnosing method according 
to claim 1, wherein the monochromatic light 

25 sources are laser diodes or light-emitting diodes 
which emit light rays respectively having peak 
wavelengths in the range of 800 nm to 1500 nm. 

3. The oil deterioration diagnosing method according 
30 to claim 1, wherein the illuminating light guiding 

member is incorporated into an oil level gage of the 
engine of an automobile. 

4. An oil deterioration diagnosing apparatus compris- 
es ing: 

a light source unit comprising at least two mon- 
ochromatic light sources capable of emitting 
light rays respectively having different wave- 
40 lengths; 

an illuminating light guiding member for guiding 
the light rays emitted by the light source unit 
into oil; 

a receiving light guiding member disposed 
45 opposite to the illuminating light guiding mem- 

ber to guide the transmitted light rays to the 
outside after the light rays travel a transmission 
distance a through the oil; 
a light receiving unit for measuring the respec- 
50 tive intensities of the transmitted light rays by 

the receiving light guiding member; and 
an arithmetic and control unit which calculates 
light transmission losses per unit length 
(a • dB/mm ) of the two kinds of light rays and 
55 the light transmission loss difference 

(Act • dB/mm ) between the light transmission 
losses per unit length of the two kinds of light 
rays on the basis of the measured intensities of 
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the transmitted light rays, and determining the 
degree of deterioration of the oil through the 
comparison of the light transmission losses 
and the light transmission loss difference with 
previously stored data (master curves) repre- 5 
senting the relation between the degree of 
deterioration of the oil and light transmission 
losses and the relation between the degree of 
deterioration of the oil and light transmission 
loss difference. to 

5. The oil deterioration diagnosing apparatus accord- 
ing to claim 4, wherein the monochromatic light 
sources are laser diodes or light-emitting diodes 
which emit light rays respectively having peak 15 
wavelengths in the range of 800 nm to 1500 nm. 

6. The oil deterioration diagnosing apparatus accord- 
ing to claim 4, wherein the illuminating light guiding 
member is incorporated into an oil level gage 20 
included in an engine included in an automobile. 

7. The oil deterioration diagnosing apparatus accord- 
ing to claim 4, wherein a degree of deterioration of 

the oil determined by the arithmetic and control unit 25 
is indicated by an indication unit attached to the grip 
of an oil level gage included in an engine included in 
an automobile. 

8. The oil deterioration diagnosing apparatus accord- 30 
ing to claim 4, wherein a degree of deterioration of 

the oil determined by the arithmetic and control unit 
is indicated by an indication unit installed on a 
meter panel placed in an automobile. 
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